THE subject of this address has been burdened with a multitude of names. Somze we now recognize as misleading; others are difficult to spell and more difficult to pronounce. I prefer " osteogenesis imperfecta" because it is descriptive and, in this country at any rate, is the name by which the disease is most commonly called. The name should, I think, be applied to the affection met with in infants and children, the chief feature of which is the fragility of the bones.
It is usual to divide the cases of osteogenesis imperfecta into at least two groups namely, those in which fractures occur before birth, and those in which the infants are apparently healthy when born and the fragility of the bones is only revealed at a later date. I say. " apparently " advisedly, since there are many reasons for believing that in both groups the affection begins during intra-uterine life. It is, I believe, always congenital; the difference is rather one of severity.
John Thomson [11 stressed the importance of the familial influence and the occurrence of blue sclerotice in the group with a post-natal onset. Let us inquire into these two points. No one can deny that bone fragility and sclerotics with a deep blue tinge may occur, either together or separately, in several members of a family; many such families have been carefully observed and recorded. Griffiths [21 says that the hereditary influence is to be found in 27%. In the small series of 28 cases of Which I have been able to collect radiographic and other details, largely -owing to the kindness of my colleagues, a familial or hereditary influence was evident in 28%. Of 13 cases in which the first fracture was known to have occurred at or before birth, in only one was there any evidence of the affection in another member of the family, while in 14 post-natal cases 7 gave a history of fragility in the family. In five of these post-natal cases the first fracture, be it noted, occurred in infancy. Two were twins. In the only ante-natal case, the patient, a girl, had one brother affected (a post-natal case) out of a total family of four. The brother had sustained his first fracture at the age of 6 months. Neither of these children .
Jui .-C HILI. 1 had blue sclerotics. In many of the post-natal cases examined, the first fracture had occurred soon after birth, and these might well be regarded as ante-natal cases of mild severity. As to blue 'sclerotics, these were noted. in 11 cases, four of which were ante-natal; half the post-natal cases showed this feature. Thomson [31, by the way, says he has never seen blue sclerotics in an ante-natal case. The blueness of the sclerotics in any given case may well be the subject of dispute, as so many infants have blue sclerotics. It is necessary to limit the term to cases in which the blueness is definitely more marked than is seen in many healthy infants. Moreover there appears to be a tendency for the colour to fade. In one case (apparently antenatal, since one tibia was bent at birth) in which the patient, when seen at the age of 21 years, had " rather blue sclerotics " the colour was said to have been much more intense soon after birth. When the child was seen at the age of 4 years on account of a recent fracture, the sclerotics were even less blue, and certainly well within normal limits. It would seem, therefore, that although familial andhereditary influences are iiiore common in the post-natal than in the ante-natal eases, and that blue selerotics are found with greater frequency in the former, there is no clear distinc-tion between the two. I have not been able to find any relation between the colour of the sclerotics and the number-more or less-of the fractures, that is, between blue sclerotics and the severity of the disease.
It is of interest to note that the typical broad head, described by Cameron [4] was present in at least ten of the cases, five being ante-natal, and five post-natal. Thomson [5] says many, if not all, develop this sign. It seems to me to be associated with a grave severity of the disease. Dwarfing is a marked feature in many-in fact, I think in all but the milder-cases.
In a previous paper [6] I ventured to separate the cases into four groups showing different and characteristic radiographic appearances. These may be briefly desig- TypeI.-The features of the first group are best seen in a severe case soon after birth. The limbs are stunted, the whole appearance of the child being not unlike that seen in achondroplasia; the major long bones, as seen in a skiagram, are short and unusually broad and thickened, and show one or more fractures with an abundance of callus. The proximal segments of the limb, the femora and humeri, are most often affected and usually symmetrically, while the tibiae may also be enlarged. Type 1.-Includes the larger number of cases met with. The bones are usually, but not always, slender, with a thin cortex and a general want of density. There is an appearance of intense atrophy, while the extremities of the shafts may show some signs of honeycombing. Bowing is common, and this may seem to be the result only of the fractures, or of bending of the shafts in addition.
TypeII1.-This has only been met with once to the degree seen in these slides [slides exhibited],though, as already stated, a certain amount of honeycombing of the metaphyses is not uncommon. The patient in this case was 5i years old when first seen four years ago; she is apparently in quite good health to-day, though still unable to walk. The affection is said to date from birth but no detailed history is obtainable of the first and subsequent fractures. Thesclerotics are not blue.
The honeycombing appears to be distributed throughout the whole of the skeleton, but not in a uniform manner. In the leg bones the honeycombing is pretty general, while in the arms the metaphyses alone are cystic. The deformities seem to be the result partly of fractures, and partly of bending of the softened bones. The pelvis is noticeably deformed. As this child was remarkably well I set out to correct the chief deformities in her legs and began with one tibia. I think the mistake was made of not removinig enough bone to relieve all tension; in spite of all efforts to prevent it, the callus yielded and the deformity returned.
A section of a fragment of bone removed at this operation shows the numerous large spaces to be filled with fibrous tissue ( fig. 1 ). I have never met with another case showing such a marked degree of honeycombing. My impression is-it may be wrong, of course-that Von Recklinghausen's disease never gives an appearance quite like this. We can confine our attention, therefore, to the first two groups. Type I is only seen in ante-natal cases, and then only in the first months of life. Type It is by far *the commonest type in my -experience. It was seen in twenty of the twenty-eight cases of my series; in a quarter of these the condition was definitely ante-natal in origin. It seems highly probable that if a patient lives long enough, the radiographic appearance characteristic of Type I will gradually change into those-characteristic of Type II. The oldest child met with showing the radiographic appearances of Type I was eight months old, while the youngest seen with Type II bones was nine months old. In this latter case the affection started before birth; in spite of many fractures of ribs and other bones, life had been sustained for nine months. It is rather difficult to explain the stoutness of the femora and humeri in the congenital cases (Type I), since the enlargement is remiarkably uniform, except for the callus about a recent fracture. The structure of the bones, except in the proximity of the fractures, is of uniform density and does not in the least suggest that the increased thickness is due to callus formation. Moreover, the enlargement extends right up to the epiphyseal lines, as is well seen in this photograph of a specimen now in the museum of the Hospital for Sick Children (fig. 2 ). It is remarkable that this increase in diameter is only apparent in the bones mnentioned, viz., the femora, the humeri, and, less commonly, the tibiie, and not in the other long bones. The affected bones, it must be admitted, are the seat of obvious fractures more commonly than the other long bones, with the possible exception of the ribs, which often show a large number of fractures with a redundant amount of callus. On the whole, I am not quite convinced that the occurrence of fractures, with the resulting excess of callus, in these bones can explain their stunted, stubby appearance, though it may be so. It is well known that, in some cases, bending of the bones occurs without antecedent fractures, which alone could not explain all the deformities found in the patients; this is not, however, very common. In only five of the twentyeight cases was this sign of an osteomalacic condition of the long bones definitely present, four of these being ante-natal in onset. In seven cases the pelvis was deformed, i.e., indented; four of these corresponded to four of the five cases showing bending of the long bones of the limbs.
Scoliosis, which is regarded by some as a sign of want of solidity of the vertebri, was present in eight cases; naturally this deformity was found in the severe cases FiG,. 2.-Photograph of specimen from child 2 days old, in museiim of Hospital for Sick Children, Great Ormond Street. Note enlarged stunted shaft, with evidence of fracture only ahout its centre which bad managed] to live for several years. A point which sometimes arises is whether severe rickets can cause a degree of fragility comparable with that seen in undoubted cases of osteogenesis imperfecta. A case shown by Dr. Langmead at a mneeting of this Section in 1920 [71 as one of " osteogenesis imperfecta plus rickets," was a good example, and gave rise at the time to differences of opinion. The diagnosis of rickets was unquestionable, but the fractures were transverse-not greenstick-and were numerous. The same difficulty arose in two cases reported by Gorter [81, to which reference will be made later.
The Teeth.-An interesting feature of these cases is the imperfect calcification atnd abnormal translucency of the teeth, since the enamel, which is unquestionably deficient in lime salts, is epidermal, i.e., epithelial in origin, while the bones are, of course, mesoblastic. I have noted occasionally that the permanent teeth are better calcified than the temporary, and this in spite of the fact that the persisten-t .recurrence of fractures suggests there has been no 'improvement in the fragility of the bones. This has been noted even in post-natal cases, in spite of th'e fact that much of the calcification of the crowns of the tem'porary teeth takes place before birth. At birth the extent to which the calcification should have proceeded in the temporary teeth varies with the particular tooth examined and thie date at which it is due to erupt, but roughly speaking, we may say that anything from the mere tip up to twothirds of the crown should be calcified when the child is born. The crowns of the permanent teeth, on the other hand, are formed for the most part between the eighth and the eighteenth month after birth. Only one permanent tooth, the first molar, shows any calcification at birth. So far as the teeth are concerned, therefore, there is some evidence of improved calcification after birth, as compared with fmtal life, in spite of the absence of any marked improvement in the condition of the skeleton as a whole.
3Etiology.-We naturally turn to the pathology for help in this matter. There seenms to be no doubt that the periosteum is generally thickened and fails to lay down cortical bone in a normal manner. As is seen in this slide of the femur of a child that died within twenty-four hours of birth, there is nothing in the way of a continuous layer of cortical bone; only isolated flakes of bone of various sizes are seen under the periosteum. The number of osteoblasts lining the trabecula. is also said to be deficient. This has been noted by many observers, and is regarded by Knaggs [91 as being an e3sential factor in the causation of the disease. This seems to be true, to a varying extent, when the juxta-epiphyseal region of cases dying in early infancy is examined. With my limited experience of the normal and pathological histology of bone, I hardly venture to question Knaggs' conclusions, yet it is remarkable how freely the fractures in these cases unite, with certain exceptions to be noted later. In most, at any rate, callus is freely formed. Is not this callus laid down by osteoblasts ? This section of a fragment removed close to a very imperfectly united fracture shows, I think, an ample number of osteoblasts. The case was a typical one in a child, aged 7 years, with a history of twenty-three fractures in three bones. Perhaps the stimulus of a fracture is necessary to bring these cells into existence in any numbers. Knaggs lays stress on his having found cartilage cells instead of osteoblasts formied by the periosteum, but I rather doubt this being more than an occasional change seen here and there. Anyway, is it very strange for these cartilage cells-large cells be it noted-to be found under the periosteum, which is itself derived from the perichondrium, and are not cartilage cells, presumably derived from periosteal cells, to be found in callus at all ages ? Even if we accept the relative failure in the formation of the osteoblasts, we have to admit., with Knaggs, that the cause of this failure is as yet unknown.
Let us turn for a moment to an entirely different side of the question, namely, the biochemical. In a previous address [101 attention was called to the researches of Robison, whose paper was published in 1923 [11] and whose work seems to me of the greatest interest and importance. Since that date further researches have been carried out by Robison and others. Briefly, Robison discovered an enzyme-phosphatase-which he regarded as an active agent in the process of normal ossification. This ferment effects the hydrolysis of certain phosphoric esters in the blood, and this results in the deposition of calcium phosphate. This phosphatase is secreted in the region of the osteoblasts and the hypertrophic cartilage cells, but none is foundl in the small celled cartilage of the epiphysis.(Robison and Soames [12] ). In otlher words it is plentiful only in the ossifying portions of normal bones of embryos and infants, and is absent from the non-ossifying cartilage. Perhaps I may remind you that it is found in appreciable quantities-in only-two other places in the body, namely, in the intestines and the kidneys. Fell and Robison 131 reviewed the subject last year and published a number of experiments carried out by cultivation i?n vitro of bone and cartilage removed from fowl embryos. They fouind in these cultures that the isolated chick femora synthetized a phosphatase, this enzyme having been absent at the time of explantation, and that the amount increased with the age of the culture. Moreover, the increase corresponded with the progress of the histological differentiation of the culture, but the maximum ratio between these two was even higher than in normal embryonic femora. It is remarkable that these results were only obtained with five-and-a-halfor six-day embryos. If three-day embryos were taken, the culture failed to produce any phosphatase, since in these, hypertrophiC cartilage cells failed to develop. Kay [141 states that the phosphatase is secreted by the osteoblasts and also by the hypertrophic cartilage cells. In osteogenesis imperfecta the osteoblasts may be deficient, and therefore, presumably, the formation of the enzyme necessary for the deposition of lime salts, but, on the other hand, the hypertrophic cartilage cells-are not, I think, in any way deficient. In one of Knaggs' F1b] slides he shows these cells formed even by the periosteum in abnormal numbers. Robison and Soames l16] give six possible errors which might adversely affect the deposition of calcium phosphate. Three of these are biochemical and beyond mny understanding, so I will not refer to themi. The other three are: (1) failure of the cartilage or bone cells to secrete the necessary enzyme ; (2) deficiency of the phosphoric ester in the blood: (3) alteration of the corpuscular membrane, capillary wall or the cartilage.
The ester, it may be mentioned, is chiefly found in the corpuscles. -unfortunately no researches, so far as I have been able to discover, have been carried out on the p)resence or absence of Robison's ferment in cases of the affection we are now considering. Estimation of the blood-calcium has, so far, given us no help. It may be either high or low. It is important to remember that the skeleton is not alone affected in these cases. The sclerotic coat of the eye is certainly abnormal in a proportion of the cases, while the teeth are imperfectly calcified in most, if not in all. Now the enamel of the teeth is deposited by epitheliumn, derived from the epiblast, and until it has been proved that this epithelium normally secretes the enzyme found in growing bone and that this enzyme is deficient both in the bones and in the enamel organs in cases of osteogenesis imperfecta, we are forced to look elsewhere for a cause which will explain all the various errors of development which we find associated in this disease. At present we know nothing of the stimuli which prompt the formation of an adequate number of osteoblasts, and make these cells secrete an enzyme as a preliminary to the deposition of bone. Though I have been able to throw no light on the difficult problems involved in the causation of this disease, these few remarks may, I hope, call attention to the urgent need of further research, particularly along the lines suggested by this discovery of Robison. One great difficulty is the scarcity of material for laboratory work; Dr. Robison has confessed to me a slight hesitation about embarking on researches which the dearth of material may make it impossible for him to repeat. This difficulty should not be insurmountable if Members of this Section and perhaps our gynmcological colleagues are willing to assist.
Trecatment.-It is generally agreed that at )resent we have nothing to give in these cases with any hope of effecting a cure. In this connection I want to refer to two cases published by Gorter [17], of Leyden, to which Dr. Donald Paterson has kindly called my attention. In these two cases Gorter found that rapid amelioration of the fragility followed treatment with thymus. Both patients were rickety children and were vigorously treated for rickets without effect on the fragility, which, however, responded at once to the administration of thymus. In one case fresh pig thymus was given in 20-gramme doses daily, while in the other compressed thymus gland was used. Unfortunately no skiagrams, before and after treatment, have been published. The difficulty about the cases is the question as to whether rickets could explain the whole clinical picture, and whether a cure was effected by the administration of thymus via the rickets. One is impressed by the tact that a physician with the high reputation enjoyed by Professor Gorter answers 1)oth these questions in the negative. He discusses them most thoroughly, referring to much experimental work, and comes to the conclusion that rickets alone was not the cause, but that osteogenesis imperfecta was present in addition and was cured by the thymus. No doubt before long we shall have more evidence on the value of this gland.
Massage is recommended for the limbs, but in many cases it has to be carried out with the greatest care; at the best it can be of little use. Faradic treatment of the muscles should be more helpful, if only the children could stand it. It appeals to me as rational, for it seems hopeless to expect much in the way of solidification of the bones without some preliminary improvement in the muscles. For similar reasons it is highly desirable to get the patients on their feet, if only this is possible with the help of apparatus. Unfortunately in many cases it is quite out of the question. It is usually stated that callus is formed in a normal manner, and that the fractures unite readily enough. ThouLgh true of many cases, this is not true of all. It is not uncommon to find that the fractures occurring in a particular case are confined to two or three bones, which give way at the same spots, time after time. Sooner or later gross deformities develop, the union after each fracture having been very far from perfect. Such callus as is formed remains tender, showing that it is still soft, for weeks and even months, after the occurrence of the last definite fracture. It has been suggested that in some cases calcification only occurs, and that the callus is never really ossified. This is a possible explanation both of the recurrence of the fractures and of the bending of the callus. In many such cases, with their poorly nourished and wasted limbs, it is found impossible to maintain adequate fixation and extension for the prolonged period necessary before firm union occurs. In my experience it is rarely possible to pull out a limb, shortened by a mal-united bone, in such a case, and to maintain the length for the many weeks necessary. It is, therefore, of paramount importance to preserve, if possible, accurate alignment when treating the first-and any subsequent-fracture in a bone, for if any bowing is allowed to occur, the chance of refracture is greatly increased. This is of less importance, of course, in the arm than in the leg.
Lastly, I would like to suggest that the only way to deal with a case with marked deformity is to abandon all efforts at lengthening the limb. If, after due consideration, it is thought advisable to operate on such a case, the bone should be straightened by overlapping the fragments, so that perfect alignment and fixation can be maintained with ease. If there is the least tension on the muscles, bowing will probably recur. These skiagrams, taken before and after operation, are from a case operated upon when the patient was aged 7 years (Plates I and II). The ends of the fragments were freshened, bevelled, overlapped, and sutured together with catgut. Solid union with a straight bone seems to have occurred. My operative experience, I must admit, is limited. I have tackled only five cases, and two of these were simple osteotomies for genu valgum, but I cannot help feeling that the above is the right way to deal with the occasional case in which operation seems to be justified.
Summary.-In the time at my disposal it has only been possible to touch on a point or two here and there. I have endeavoured to give some of the reasons for regarding the ante-and post-natal cases as due to the same disease. It has been suggested that there is need for further inlvestigation into the histological changes accompanying this disease, and that the teeth should receive attention as well as the bones. A single fatal case should furnish material for a complete examination of the dental tissues in all stages of development. I have referred to some of the research work which has been carried out into the secretion and action of Robison's ferment, and have stressed the great importance of this work in the study of osteogenesis imperfecta. We are anxious to know whether this ferment is to be found in normal amounts in growing bone in this disease, whether it plays a part in the calcification of normal enamel, and, if so, whether it is deficient or absent during the formation of the transparent teeth we find in these patients with brittle bones. With regard to treatment two points have been specially referred to. First, the claim of Gorter to have cured two cases with thymus, and second, if operative correction of deformity in any given case is considered advisable, it is suggested that length of the deformed bone must be sacrificed to obtain perfect alignment, free from all longitudinal tension, and with as wide an overlap of the fragments as possible.
